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ELOOD PRESSURE MEASURING SYSTEM FOR 
SgPARATING AND SEPAqATELY R E C O R m G  
D.C, SIGNAL AND AN AX. SIGNAL 

Howard A. Vkk, Houston, Tex., assignor to the United 
States of America BS represented by the Administrator 
of !he Nafional Aeroaau$ics and Space Administration 

File4 Der. 27, 1966, Set. No. 605,092 
I&. CJ. W03k 5/20 

W.S. CI. 307-260 3 W m o  
The invention described herein was made by an em- 

ployee of the United States Government, and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any 
royalties thereon or thereunder. 

The invention relates in general to blood pressure 
measuring systems, more particularly to a system for 
separating and separately recording a D.C. blood pres- 
sure signal and an A.C. signal representative of Korot- 
koff sounds. 

Systolic and diastolic blood pressure for diagnostic 
purposes are generally measured by means of a pressure 
device which is applied to a pratbial artery until blood 
circulation stops and no pulse is present. As the pressure 
is released, the Korotkoff sounds, caused by the beginning 

, are representative of the systolic blood pres- 
continuing to release the pressure, the Korot- 

s disappear when the diastolic blood pressure 

The 'blood pressure signal contains two components 
which are mixed together: a 9.C. pressure signal and 
rhe Korotkoff sounds, which is an A.C. signal at ap- 
proximately 36 cycles per second. Because of the fre- 
quency response recording limitations of certain tape re- 
oorders, both signals cannot be recorded on the same 
channel. 

Further, for recording accuracy the D.C. blood pres- 
sure signal must be converted to a frequency mod 
signal, which requires use of a voltage controlled 
fator (VCO). Most VCOs are inherently power con- 
suming, or become Snonlinew over a wide deviation range. 

ltivibrator be used, the frequency range 
becomes limited since this type of multivibrator becomes 
nonlinear over wide frequency ranges. While squareloop 
transformer oscillators mily be linear over the frequency 
range of interest, this type of oscillator requires large 
amounts of power. 

To record both the A.C. and D.C. signals of the blood 
pressure, the reprogramming system of the present inven- 
tion separates the two signals, and the Korotkoff sounds 
are recorded on one channel and the D.C. pressure signal 
is converted to a frequency modulated signal and re- 
corded on another channel. Thus, the inherent frequency 
limitations of the recorder are avoided, and an accurate 
record of the blood pressure signal may be made. 

More particularly, the invention comprises a differ- 
ential amplifier, one output of which is the A.C. Korot- 
koE signal. The D.C. output of the differential amplifier 
varies the output of a constant current generator which, 
in twrn, varies the frequency of a unijunctioo transistor 
oscillator. The output of the oscillator is coupled to a 
bistable flipflop circuit which produces a symmetrical 
output signal representative of the D.C. portion of the 
'blood pressure signal. 

The advantage of this invention, both as to its con- 
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2 
in connection wit& the a ing drawings in which 
like reference numerals tike parts throughout 
the figures, and wherein: 
FIG. 1 is a circuit diagram of the blood pressure re- 

programming system in aomrdaNce with this invention; 

are waveforms of the voltage at various 
ircuit of FIG. 1. 
to the drawing, there is shown in F 

adapter in accordance with the i 
tion. A differential input signal is applicd across a pair 
of input terminals 12, 14. The input signal is fed to a 
differential amplifier having a first pair of transistors 
26, 18. The transistor 16 comprises a base 22 which is 
connected fo input terminal 12, an emitter 24, and a 
collector 26. The transistor 18 comprises a base 28 con- 
nected to the input terminal 14, an emitter 32, and a col- 
lector 34. The differential amplifier further comprises 
a second pair of transistors 36, 38. The transistor 36 
comprises a base 42 which is connected to the collector 26 
of transistor 16, an emitter 44, and a collector 46. The 
transistor 38 comprises a base 48 connected to collector 
34 of transistor 18, an emitter 52, and a collector 54. 
Tlw collector 46 i s  Connected to eqnitter 24, and the 
cotlector 54 Is connected to emitter 32. Further, a resistor 
56% which determines the gain of the differential amplifier, 
Is connected betwwn emitter 24 and emitter 32. 

A rransistor 62, which forms a constant current gener- 
ator a base 64, an emitter 66, and collector 68. 
The 68 is connected to emitter 24 through B 
first resistor 69, and to the emitter 32 through 
a second variable resistor 70. Either the resistor 69 or 
the resistor 70, or both, are used to adjust the eero point 
of the differential amplifier. The emitter 66 is connected 
through a biasing resistor 72 to a source of negative 
potential (B-). The base 64 is connected to a first tem- 
perature compensating diode 74 at its anode. The cathode 
of the diode 74 is connected to a second temperatute 
compensating diode 76 at its anode. The cathode of shs 
diode 76 is connected to one side of a resistor 78, the 
other side of which is Connected to the source of nega- 
tive potential. A resistor E2 is connected between ground 
and the base 64, and a biasing resistor 84 is connected 
between the base of transistor 16 and ground. The resistors 
78 and 82, together with the temperature cornpensatink 
diodes ?4, 76, provide the correct base-emitter vo 
drop f a r  the transistor 62. A biasing resistor 86 is 
nected across base-emitter circuit of transistor 36 
a tZrasing resistor 88 connected across the base-emitter 
circuit of transistor 38. Further, a biasing resistor 92 is 
Connected between base 28 and ground. An R C circuit, 
which reduces the A.C. gain of the Korotkolf sounila 
which are approximately 36 cyclcs per second, is formed 
of a capacitor 94 and a pair of resistors 96, 98. 'TBe 
capacitor 94 is connected across the emitter 44 and the 
emstter 52. The resistor 96 is connected between one 
side of capacitor 94 and a source of positive poten 
(B+), and the resistor 98 is connected between the ot 

80 side of capacitor 94 and the source of positive potential. 
The 36 C.P.S. Korotkoff sounds are amplified by an 

emitter-follower transistor 1102 which provides a hi h 

transistor 102 comprises a bake 104, emitter 106, and 
08 collector 108. The emitter 52 of transistor 38 is connected 

impedance path for the D. C. portion of the signal. T 6h e 

strllctjon and &de of operation, will readily appre- 
-cEated as the same become better understood by refer- 
snce to thc following detailed description when considered 

to fhe base 104, and the collector 108 is connected tb  
the saurce of positive potential. The emitter 106 is con- 
nected to one side of a biasing resistor 112, the other 



3 
side of which is connected to the source o 
teniial. The emitter 106 is further connected 
D.C. blocking capacitor 114 to an A.C. outpu 
116. A resistor 118 is connected between the source of 
positive potential and the output terminal 116, and a re- 
sistor 122 is connected between the output terminal 116 
and ground. 

The D.C. portion of the signal from the first differ- 
ential amplifier is fed to a second differential amplifier , 
formed of a first transistor 122 and a second transistor 10 
124. The transistor 122 comprises a base 126, an emitter 

or (VCO) is formed of a 

and the collector 212 is connected through a resistor 218 40 
to a source of positive potentiat. 

The transistor 204 comprises a base 222, an emitter 
224, and a collect~r 226. The emitter 224 is connected 
to emitter 208 of transistor and the collector 226 is 
connected through a resistor to the source of positive 45 

e flip-flop circuit are taken f rom col- 

positive potential, and a resistor 256 is connected between 
output terminal 252 and ground. 

With the foregoing in mind, operation of 
FIG. 1 with reference to FIGS. 2 (A thro is as 
follows: 

n in FIG. 2A is applied across 
The input signal is represenea- 
nd contains a D.C. component 70 

which represents the occluding cuff pressure and an A.C. 
component superimposed thereon which represents the 
Korotkoff sounds. The input terminals r2, 14 are con- 
nected to the base of transistors 16, 18, respectively, and 
these two transistors, in conjunction with transistors 

uit of 65 

An input signal as 

837 
38 form a high'ia 
signal increases, th rrent increases in the transistors 
16 and 36, and debeases in transistors 18 and 58. The 
current change through the transistors results in a voltage 
change across resistors 96, 98, the voltage increasing 
across resistor 96 and decreasing across resistor 98. 

The A.C. gain of this input amplifier section is con- 
trolled by the capacitor 94. The amplified Korotkoff 
sound signal is coupled to the base 104 of transistor 102 
which provides the correct ,bu 

rotkoff soundbs7gnal 
through a blocking c 

output termintit 116, the signal a 
ing shown in FIG. 2B. 
"he increasing voltage across the resistor 96. which 

C. portion of the input signal, is applied to the 
of transistor 124, which causes. the current to 

further increase in that respective leg of the amplifier 
formed by transistor 124. As the current in- 

the charging rate of the 
s the charging rate is in- 

which the unijunction transistor input 
74, as shown in FIG. 2C, and output 
as shown in FIG. 2D, increases there- 

' 

ncy one-haif the frequency 

. signal, whose output is obtained at terminal ' 
and a pulse signal representative of the D.C. portion 

tput is obtained at terminal 252,' 
may be separately recorded on different channels. 
the inherent frequency limitations ob the recorder are 

ate record of the blood pressure may 
produced and compiled with a min- 

er understood that the foregoing dis- 
to preferred embodiments of the in- 

vention and that it is intended to cover all changes and 
modifications of the example herein chosen for the pur- 
pose of the disclosure which do not constitute departures 

is claimed and desired to be secured by Letters 

1. A reprogramming system for separating and sep- 
arately recording an 'input signal having a D.C. compo- 
nent and an A.C. component superimposed thereon com- 
prising: 

(A) a first differential amplifier having input terminals 

means for applying said input signal across the 
input terminals of said first differential amplifier; 

(C) means for coupling said A.C. component of said 
input signal from one of said first differential ampli- 
fier outprat terminals io an A.C. outpiit terminal; 
) a second differential amp~~fier having input ter- 

minals and output terminals; 
(E) means for coupling snit! D.C. component from 

another ob said first differential nniplifier output 
terminals to said second differential amplifier input 
term~nals: 

(P) an oscillator having input means and output means 
for producing pulses representative of 
component at said second d i f f e r ~ n ~ ~ ~ ~  am 

apacitor coupled to said second differ- 
ential amp~ifier output terminals and across said os- 
cillator input means; 

(H) means for producing a square-wave having a fre- 
quency one-half the frequency of said pulses pro- 
duced by said oscillator at a D.C. output terminal 
having input means and output means, wid square- 
wave producing means input means being coupled 
to said oscillator output means. 

spirit and scope of the invention. 

sd output terminals; 
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2. A reprosrammlng system in accordance with claim 

1 wherein said oscittatm comprises a unijunttion tranris- 
tor having an emitter, a Arsl buse and a second base, mid 
aharging capacitor being coupkd , tcr said unijunction 
transistor emitter and OM of said unijunction transistor 8 
bases being coupled to said aquare-wave producing input 
mans. 

3. A repmgrarnmhg system in accordance with claim 
1 wherein said means for prodacing a square-wave com- US. Ci. X.R, 
p r b  a bistable multivlbrator. IO 328-40, 14% 307-235; 128-2.05 


